Overtaking case is a common traffic situation, but it is likely to pose a threat to traffic safety. To ensure reliable communication, it is necessary to study the characteristics of wireless channel under overtaking cases. In this paper, we focus on Vehicle-to-Vehicle (V2V) radio channel characteristics based on measurements at 5.9GHz. Through research and analysis, we can present empirical results of propagation channels in four scenarios. Our main concern is the difference in channel characteristics between overtaking and non-overtaking case. We propose a method to divide overtaking cases and non-overtaking cases points based on small-scale fading distribution, and results show that the dividing point is about 11 meters between the measured vehicles. Judging by Akaike Information Criterion(AIC), Weibull distribution is best under overtaking cases, while it follows Ricean distribution under non-overtaking. Then, we prove that the result of the AIC decision is valid by the Kolmogorov-Smirnov test. Therefore, we further compare Weibull β-factor and Ricean K-factor under two cases. The values of root-mean-square (RMS) delay spreads and average fade duration under overtaking cases are higher than those under non-overtaking, but RMS Doppler spreads and the level crossing rate are smaller than those under non-overtaking. The cross-correlation between RMS delay spread and Ricean K-factor is also calculated. The correlation value in OT case is higher than that in NOT case. The value of the correlation in the case of overtaking is higher than the case of non-overtaking. By comparing the above methods, it is proved that the dividing point between overtaking cases and nonovertaking cases is effective.
I. INTRODUCTION
The vehicle communication is one of the most valuable applications in the 5G and automobile fields. Simultaneously, it is also defined as a strategically innovative and promising application. Therefore, as a cross-disciplinary field, it has become an important development direction of strategic emerging industries and is currently a cross-disciplinary and comprehensive research field. As one of the Internet of Vehicle The associate editor coordinating the review of this manuscript and approving it for publication was Fang Yang . technologies, V2V communication has high reliability, low latency. Through V2V channel, the various elements of participation can be effectively linked together. On the one hand, more abundant information can be acquired to promote the development of autonomous driving technology.
In order to build an Intelligent Transport System(ITS), an accurate V2V channel description can improve traffic safety and reduce traffic accidents. Similarly, it can also improve traffic management and reduce pollution [1] , etc. The propagation characteristics of the channel should be studied as the basis of wireless communication [2] . In recent VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ years, it has been one of the research hotspots, and a large number of articles have been published [3] - [19] . However, the channel characteristics of the overtaking situation have not been fully investigated. This is a crucial situation in traffic environment, and constructing V2V characteristic system and this study can provide guarantee for effective information transmission. Literature [3] , investigated the impact of overtaking on channel characteristics through analysis of delay and Doppler profiles. Overtaking vehicles cause paths where the delay is greater than the Line-of-Sight(LOS) path, and independent Doppler trajectories. This shows that the overtaking cases has a multi-path effect, which brings about changes in delay and energy. Because the vehicle is a scatterer made of metal, it can cause some effects on the transmission characteristics of the channel in the process of vehicle driving. Therefore, the study of the channel characteristics of the overtaking situation is necessary, and the full investigation is more valuable to be selected in different scenarios.
A. LITERATURE REVIEW
In order to study the channel characteristics of overtaking, it is necessary to summarize different kinds of scenarios and research methods for V2V channel model. Previously, a number of measurement campaigns have been performed to investigate the properties of V2V propagation cannels in highway, urban, suburb, and municipal lake scenarios [2] - [8] . In [2] , surveying activities in urban and highway scenarios are selected. In both scenarios, vehicle occlusion tests for Front-to-Back and Side-by-Side cases are performed, and the results show that Front-to-Back case has a larger RMS spread delay. In [4] , propagation in highway scenario is characterized in some aspects, and the effects of scattering (caused by vehicles and buildings) on channel transmission characteristics are analyzed in energy and delay domain. In [5] , the impact of vehicles obstructing Line-of-Sight (OLOS) is analyzed based on measured results of urban and high-way scenarios, it presents a simulation model. In the literature [6] , Nuckelt et al has carried out an analysis of urban scenario. By comparison, it is found that the reflective radius caused by other vehicles on the highway is approximately parallel to that of LOS path. Strong reflection path can be caused by buildings. In [7] , the channel characteristics of suburban environment are summarized. In [8] , in order to characterize the local variation of the channel, a study was carried out in the suburb scene, and the received signal power was measured and analyzed to describe the characteristics of various changes. In [9] , the channel characteristics of two types of municipal lake scenario (urban-lake-urban and urban-lake-suburb) are compared and analyzed. It is found that more buildings in the lake area can cause larger RMS delay spread.
In addition, analysis on channel characteristics requires many channel models and methods [8] - [19] . In [8] , the maximum RMS delay spread of different scenarios (parking lots on the same floor and parking lots on different floors) is 281 ns, which is significantly smaller than the conventional indoor parking lot, but significantly larger than the conventional outdoor parking lot. For both high-speed and urban environments, the analytical function of the LCR between the measured data at −10dB and 5dB is consistent. The deviation below −10dB and above 5dB is larger. This can compensate Doppler spectrum by assuming a non-Gaussian function [10] . The article [11] provides an overview of V2V channel testing in a variety of important environments (highway, urban, suburban, rural), including features such as delay and Doppler. The most commonly used V2V channel model is also introduced. This model is a statistical and geometric analysis model based on test and intuitive insights. In [15] , detailed descriptions of channel measurements are provided for different environments (campus, highways, cities, and sub-cities). By estimating root mean square delay spread of all scenarios, it is found that t large standard deviations appear in urban scenarios. Analysis of small-scale fading distribution shows the Ricean distribution is the best distribution, and the average Ricean K-factors is between 2dB and 4dB. In [16] , the small-scale fading model is determined by the AIC. The analysis results show that the lognormal distribution is suitable for small-scale fading. In [17] , through channel measurement experiments and K-factor modeling, a more realistic modeling of V2V channel characteristics is achieved. In [18] , the channel capacity characteristics were studied by the exact solution of cumulative distribution function (CDF), the level crossing rate (LCR) and mean fading time (ADF). In [19] , a comprehensive analysis of the correlation between RMS delay spread and Ricean K-factor.
However, overtaking cases are very common in traffic conditions. In this case, the distance between vehicles is relatively small, it is important to study the change of channel characteristics for effective communication. At present, most of the overtaking research is a single scene study, and the overtaking test of multiple scenes is still relatively small. Furthermore, there is few measurement activities to comprehensively consider various factors in real-word V2V communication, such as different channel characteristics and different propagation scenarios. found that overtaking and Non-overtaking situations match Gaussian distribution and lognormal distribution respectively. For RMS Doppler spread statistics, it is found that all cases math lognormal distribution. Therefore, these results prove that the segmentation point is reasonable.
4) The correlation between RMS delay spread and Ricean
K-factors is analyzed. In OT case, the correlation cofficient is greater than in NOT cases.
C. OUTLINE
The rest of paper is structured as follows: in section II, the radio channel sounder is described briefly, and the measurement campaign is presented in detail. Afterwards, section III is dedicated to the analysis of the amplitude distribution, Weibull β-factor, Ricean K-factors, RMS delay and Doppler spreads, LCR, AFD and correlation analysis for four different scenarios. Finally, conclusions are given in section IV
II. MEASUREMENTS A. MEASUREMENT PARAMETERS AND SYSTEM
In order to study the V2V channel characteristics, several measurement campaigns are performed by using a TDM channel sounder provided by Super Radio As, which mainly parameters see in Table. 1). The transmitter part (the consists of transmitter part and receiver part (device maximum supported Doppler frequency band is ±966.5 Hz) can generate a chirp signal with a center frequency at 5.9 GHz of the 100 MHz bandwidth. Frequency domain signals are output from channel sounder, and then complex channel impulse responses (CIRs, h (t, τ )) are obtained by discrete inverse Fourier transform. The transmitter part antenna (an omni antenna) with the height of 1.53m is installed on the roof of a car, which is shown in Fig.1 , while the receiver part antenna with the height of 1.5m is mounted on the roof of another car shown in Fig.1 .
B. MEASUREMENT ENVIRONMENT
Our measurement activities are arranged in four different types of areas: highway, urban road, suburban road and municipal Lake. Highway [see Fig.2 (a)] area is selected at the periphery of the city. This area is characterized by the absence of dense buildings on either side of the road. There are a few houses and trees here, and they are all far away from the road.
Measurement activities in urban areas [see Fig.2 (b)] are carried out in the centre of the city. There are a lot of high-rise buildings, and they are close to both sides of the road.
As for suburb [see Fig.2 (c)] areas, this area is different from highways and urban areas. There are hardly any buildings, and there are plenty of trees on both sides of the road.
The measurement of municipal lake (ML) [see Fig.2 (d)] scenario is selected in the area of the bridge across the lake. This area is different from the other three scenarios. There are no buildings and trees here, and there are only lakes on either side of the road.
The channel characteristics of overtaking in different environments are studied. If the results in different scenarios are similar, then the result is a representative and empirical conclusion. Moreover, measured video recording is performed during our measurements.
III. NUMERICAL RESULTS

A. SMALL SCALE FADING CHARACTERISTICS
In order to satisfy Wide-Sense Stationary Uncorrelated Scattering(WSSUS) [18] , [19] , we select a window of 10 wavelengths to reduce the influence of large-scale fading.
Due to the LOS in the overtaking cases, the small-scale fading of the channel is generally subject to the Ricean distribution. Beyond that, Rayleigh, lognormal, Nakagami-m and Weibull distributions [18] , [19] are also the common statistical models for describing small-scale fading. In order to effectively study its small-scale fading characteristics under overtaking cases, we need to take a method to fit its small-scale fading distribution. By evaluating the fitting performance, it is determined that the best small-scale fading distribution function is consistent with the overtaking case.
In this paper, the judgment method is AIC [20] . The AIC is a statistical model widely used in the small-scale fading distribution of channels.
where gθ i represents the PDF of the i-th distribution and θ i is the maximum likelihood estimate of the distribution VOLUME 7, 2019 function based on measurement. V is the dimension ofθ i andθ i represents the number of dimensions. min(AIC i ) represents the minimum value of AIC i . The AIC weight of the i-th candidate distribution w i is given by
where I represent the total number of candidate distributions. i is the difference of AIC, it is equal to AIC i − min j (AIC j ). In Fig.3 , we can see that there is a segmentation point between the two measuring vehicles at about 11 meters. Within 11 meters, the small-scale fading distribution of wireless channel is satisfied with Weibull distribution. More than 11 meters, it is satisfied with the Ricean distribution. Based on the above analysis, we propose an empirical prediction: the distance between the measured vehicle Rx and Tx is within 11 meters, we set the overtaking (OT) cases. In the cases of more than 11 meters, we set the non-overtaking (NOT) cases. A schematic diagram of OT cases is shown in Fig.5 .
In order to further explain whether the segmentation point is reasonable, we select 9 segmentation points between 9 meters and 13 meters. According to nine segmentation points, we calculate their Rice distribution and Weibull distribution respectively. The results of high way scenario are shown in Fig.4 . In the Fig.4 , the Pre-segmentation point indicates the distance less than the segmentation point. Postsegmentation point represents the distance greater than the segmentation point. For the Rice distribution and Weibull distribution at the 11-meter segmentation point, we can find that there is a maximum difference between the pre-segmentation point and the post-segmentation point. The results of the other three scenarios are similar to those of the above-mentioned scenario. This shows that it is reasonable to choose 11 meters as the segmentation point.
The results of small-scale fading distribution are shown in Table. 2. In the OT case, the Weibull distribution is the optimally distribution (AIC:84.38%, 95.53%, 94.34% and 92.66 %). But in the case of NOT, the Ricean distribution is the optimally matched distribution (AIC:65.25%, 79.17%, 73. 75% and 58. 31%).In order to verify the accuracy of the AIC results, the Kolmogorov-Smirnov (KS) test pass [21] rate is employed as the evaluation criteria, and the detailed results of KS are shown in Table. 2. In OT case, the pass rates of KS test corresponding to Weibull distribution are 92.97%, 77.34%, 100% and 98.62%, respectively. In NOT case, the pass of OT and NOT, the pass rate of KS test corresponding to Ricean distribution is only inferior to Weibull distribution.
The above analysis shows that Weibull distribution and Ricean distribution are the optimal and sub-optimal distributions of four measurement scenarios. Therefore, the two distributions are consistent to describe the small-scale fading characteristics in OT cases and NOT cases.
1) Weibull β -FACTOR
To be more specific, Weibull distribution plays an important role in the small-scale fading. Thus, Weibull distribution is a common method for establishing distribution model of reliability data [20] . It is specified as shown in equation (3):
where β is defined as a shape parameter describing the amplitude of fading. α is the scale parameter of the distribution. By studying a large number of references, we find that there is some association between Weibull distribution and other distributions. So that we can further study its physical significance. When β = 1, it represents the exponential distribution. While, the value β < 2 indicates the deep fading state, β = 2 yields the Rayleigh distribution, β > 2 obeys Ricean distribution. When β is between 2 and 2.5, the energy of LOS is slightly greater than that of multipath components(MPCs). But when β is greater than 2.5, the energy of LOS is much greater than that of MPCs [22] , [23] . It can be seen from Fig.6 that the β value of the OT case (mean value: 4.72) is significantly higher than NOT case (meanvalue: 2.49), which indicates that the LOS path in OT case has stronger power. In urban, suburb and municipal lake scenario, there are similar, there are similar situations with scenario highway. 
2) K-FACTOR
The Rican K-factor [24] enables more accurate simulation of small-scale fading of wireless channels. The CDF of Rican K-factor in two cases of the Highway scenario is shown in Fig.7 (a) . It can be found that the mean value (8.34 dB) of the K-factor of OT case is significantly higher than NOT case (−1.37 dB) in Highway scenario. By comparing the K-factor values of 10%, 50%, and 90% of the CDF, the NOT case has a larger K-factor value, and the OT case is a smaller value. Fig.6 (b) , (c) and (d) are the CDFs of K-factor of scenario urban, suburb and lake, respectively. Their conclusions are similar to those of scene in highway. This is because the relative distance between two vehicles is relatively small, resulting in very strong LOS component in OT cases. More specific data are listed in Table. 2.
3) DISTANCE RELATED K-FACTOR MODEL
According to references [23] and [25] , there is a specific functional relationship between the distance d of the Tx-Rx and Ricean K-factor. Several traditional distance-related Ricean K-factor models are provided in the literature, as shown in Table. 3. Through the analysis of the measured data, this study obtained the liner model and logarithmic model for different situations under each scenario by linear fitting and logarithm-mic fitting, as shown in Table. 4. Table.4 shows the measurement data and models of K d for each scenario in different cases, respectively. In Fig.7 , the linear model and logarithmic model are obtained as K-factor models with distance dependence. By comparing the models, it is concluded that the parameters of the model in the case of OT and NOT are different in four scenarios. In Fig.8 , there is a special case where the K-factor is relatively small, the value range from −20dB to −30dB with the distance range from 17 meters to 32 meters. The reason for this phenomenon is that the blocking of other vehicles causes the LOS path energy to decrease, but the energy relative to the scattering path increases.
B. RMS DELAY AND DOPPLER SPREAD
The time-variant power delay profile (PDP) [18] , [24] is calculated by averaging the magnitude squared of the CIR over a distance of 10 wavelengths to mitigate the small-scale fading [24] .
where h (t, τ ) represents the CIR and τ i is the delay of i-th path. The complex coefficient of the i-th path is described by α i . In V2V measurement activities, the RMS delay is regarded as important parameters [18] . The pervious literatures address RMS delay spread [4] , [26] , is important factors for error floor caused by the delay scatter. In the analysis of this paper, we choose the threshold of 6dB as the noise floor. As a consequence, the analysis of mean delay T m and RMS delay spread T r (shown in Equation 6 ) [27] are studied in this section.
where P A (τ ) represents the averaged PDP [9] . In all cases, the number of PDPs ranges from 75 to 140 within one window length. The results of the CDF are obtained from the measurement data since these results can be used to estimate the outage probability of the communication system [12] , [24] . Through the distribution of fitting functions of the data, we observe that the CDF of RMS delay spread and Gaussian distribution are well matched under the OT case, while the Lognormal is well matched under the NOT case. In order to better quantify the degree of matching, we utilize the goodness of fit parameter GoF [28] , the formula is as follows:
where k represents a random variable and sup represents the upper bound. F m (k) is the cumulative distribution function of the measured data, and F f (k) is the distributed distribution function of the distribution. The specific data of the GoF parameter is shown in Table. 2, which confirms that the Gaussian distribution and the Lognormal distribution are well matched. Fig.9 shows the RMS delay spread for all scenarios using CDF, and its detailed data are listed in Table. 2. From the Table, 90% of RMS delay spread under OT cases are within 176.1 ns, 205.5 ns, 163.1 ns and 139.0 ns for Highway, urban, suburb and municipal lake, respectively. The value of RMS delay spread under OT case is significantly higher than that of NOT. The body of the vehicle is made of metal, which could lead to an increase in number of the reflection paths. Due to this factor, it is apparent from MPCs that the value of RMS delay spread has strong fluctuations under OT cases, which leads to a higher standard deviation.
Because both Tx and Rx have relatively high relative velocities, and other important scatterers are also moving. So V2V channel has higher Doppler spread than traditional channel [7] . The mean Doppler D m and RMS Doppler spread D r [18] are given by
where P B,m represents integration of scattering function [18] . Table 2 . The statistical results of all cases show that the lognormal distribution is matched. From the table, the RMS Doppler spread of OT case is smaller than that of NOT case. The reason for this result is that the vehicle has a greater speed in the case of NOT. For example, in a highway scenario. the average speed of Rx in the OT case is about 70 km/h, and the speed in the case of NOT is 79 km/h.
C. LCR AND AFD
The probability of occurrence of fading is a parameter that can measure the system. The probability of occurrence is called the LCR [12] , [29] . where the R represents a given signal level and ρ is a ratio of R to the root mean square of R. The f dmax is the maximum Doppler shift. AFD, defined as the averaging time of the signal envelope below a certain threshold level, which is calculated as the ratio of the probability of the signal envelope below a certain threshold level to the level pass rate [30] .
where P r (r ≤ R) indicates the LCR of the level value lower than R. VOLUME 7, 2019 The LCR and AFD in the OT and NOT cases of the scenarios highway, urban, suburb and municipal lake are shown in (a), (b), (c) and (d) of Fig.11 , respectively. Table.5 reflects the details of LCR and AFD with given levels of 1 dB, 0 dB, and −1 dB, respectively. We can observe a result: in all scenarios, the LCR in the NOT case is higher than the OT case, but the AFD is smaller than the latter. LCR for the OT case, this is due to the influence of the test vehicle acting as a metal reflector. The metal reflectors can reduce the severity of fading and crossings. For the AFD, the speed of OT case is less than that of NOT case, which leads to a smaller ADF for NOT case.
D. CORRELATION
In order to observe the relationship between channel characteristics in the vehicular commutations, joint analysis of the cross-correlation between RMS delay spread and small-scale fading parameter is needed [5] . In [31] and [23] , the RMS delay spread and Ricean K-factor(K f ) are confirmed to be associated. However, there is no practical experience to prove that such a relationship exists in OT scenes. Therefore, we focus on analyzing the correlation between them in this part. The cross-correlation formulas are as follows
where T r,i and K f ,i represent the i-th sample respectively. The cross-correlation of all scenarios are shown in Fig.12 , and the specific details are listed in Table. 6. The absolute value P of a ranges from −0.11 to 0.21, which prove that T r and K-factor are related. This conclusion is analogous to that in literature [21] . Furthermore, we can find that the crosscorrelation coefficient P under OT cases is higher than that of NOT in the scenario highway, and other scenarios are similar results. It is predicted that the measured vehicle is a reflector that causes the correlation between RMS delay spread and K-factor. However, we can find a phenomenon where the correlation coefficient of RMS delay spread and K factor is negative in the highway scenario. This is due to the influence of distant reflectors in the scenario.
IV. CONCLUSION
In this paper, the purpose of this study is to determine the characteristics of V2V propagation channel under overtaking case. In order to obtain some empirical results, four different types of scene measurement activities are taken.
Through research, it is found that there is a boundary point of channel characteristics during the running of the vehicle. The boundary point is about 11 meters between the two vehicles.
Small-scale fading distribution, Weibull β-factor, Ricean k-factor, RMS delay spread, LCR and ADF are characterized. It is found that the Weibull distribution dominates the small-scale fading distribution in OT case, while the Ricean distribution satisfies in NOT case. Through statistical analysis of measurement data, we find that both Weibull β-factor and Ricean k-factor of OT are larger than that of NOT. The results of this show that there is a higher LOS path in OT case. The comparison of RMS delay spread shows that OT has a larger value, which indicates that the channel characteristics of NOT are more stable than OT. In overtaking cases, there is the influence of metal from the vehicle. This leads to the difference between LCR and ADF in OT and NOT cases. The reason for the difference in RMS Doppler spread is due to the different speeds in two cases. Through the above analysis, it is proved that the segmentation points of OT cases and NOT cases are proposed.
The cross-correlation between RMS delay spread and Ricean K-factor, is investigated. In the case of OT, there is a greater correlation than the case of NOT.
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